I. Introduction
For a few years, interest is growing in the study of the temporal behaviour of antennas operating in pulsed mode due to the development of ultra wide band systems [1] [2] or high power microwave weapons. In these applications, the parabolic reflector antenna remains an interesting case of study. Usually, methods for evaluating the electromagnetic field radiated by classical antennas are performed in the frequency domain and numerous computer codes are available for calculating the radiated electromagnetic field. Then, the time domain behaviour is investigated by means of a Fourier transform. But for the particular case of the parabolic reflector, it is more convenient to operate directly in the time domain.
In this paper, we apply the Skulkin and Turchin approach [3] to obtain a complete electromagnetic formulation of the impulse response of the parabolic reflector antenna. From it, it is easy to compute the response of the antenna to any input signal by means of a convolution product [4] . Based on the Physical Optics (PO) approximation and neglecting the wedge effects, this method leads to a fast numerical procedure for predicting the near and far fields both in time and frequency domain. To show the efficiency of the method, we have determined the radial and angular distribution of the energy density produced by a generalized gaussian pulse input signal.
II. Geometry and assumptions
An antenna which is usually directive in the frequency domain may behave differently in the time domain due to transients [5] . The electromagnetic field may be momentarily radiated in undesirable directions producing fratricidal effects in the case of high power microwave applications. Such a behaviour is easier to predict in the time domain when the impulse response of the antenna is known. To calculate such a response, some assumptions have to be made. The parabolic reflector is a perfectly conducting dish of radius and focal distance as shown in figure 1 . In terms of cartesian coordinates whose origin is on the vertex, the reflector is defined by the equation:
Fig. 1: Reflector geometry
The primary source is supposed to be located at the reflector focus or close to it, and is a point source. Due to that assumption, the reflector itself is assumed to be localized in the far field of the point source. To ensure that condition, the input signal applied to the point source should not have any DC component and the lowest frequency of its spectrum should be such as:
where is the light speed in free space.
The wedge scattering is supposed to be negligible as well as the radiation due to the hidden face of the reflector. With such hypothesis, the physical optics approximation may be applied. Thus, the current density on the reflector surface depends only on the incident magnetic field due to the point source:
where is the normal vector to the reflector at point .
III. Theoretical approach
The primary source is fed by an input signal and the radiated field at point , defined in figure 2, is given by the convolution product:
where is the electric field impulse response and the magnetic field impulse response at point .
When
, the Dirac delta function, the radiated field is the impulse response of the antenna. The incident field on the reflector due to the primary source is given by the expression:
with , is the free space impedance.
The incident electric field is normalized so that which implies that .
Fig. 2: Points, distances and vectors
The magnetic field integral equation (MFIE) formulation is then applied in time domain to obtain the radiated magnetic field:
Here, is the reflector surface, and is a unit vector.
When replacing by and by , the magnetic field impulse response is obtained and may be expressed as the sum of two terms:
with the following components:
The main component appears to be as decreases more rapidly with distance than but will not be neglected in the computation.
In order to calculate , it is easier to get the step response knowing that . Then:
Due to the Dirac delta function, the key point is that the surface integral may be expressed as a contour integral on a path implicitly defined by the equation:
Thus, by calculating the differential on the reflector surface:
it can be shown [6] that: Then, and a similar approach allows to obtain:
Last, recalling Maxwell-Faraday equation:
the electric field impulse response is expressed as:
Applying a similar approach, can be easily obtained as the sum of contour integrals which are given with more details in reference [6] .
IV. The generalized gaussian pulse
The primary source input signal is a generalized gaussian pulse (GGP) which is significant of ultra wide band signals [2] . It is given by the expression:
is the pulse duration, is a shape factor, adjusts the residual pulse level at or , and is the pulse amplitude.
Such an impulse has theoretically a null DC component and complies with the assumption made in section II.
With such a definition, the generalized gaussian pulse is centred at where it reaches its peak value.
Fig. 3: Examples of GGP with different values of
In figure 3 , some examples of generalized gaussian pulse with a unit amplitude and a 0.5 ns duration are shown for different parameter values: (dotted curve), (dashed curve) and (plain curve).
has been determined so that the residual level of the pulse is 60 dB below its peak value at the pulse start and stop times.
The smaller is , the narrower is the pulse and the wider is its bandwidth.
V. Results
In order to illustrate the approach, we have chosen to study a small parabolic reflector with a 20 cm diameter and a 10 cm focal distance.
First, figure 4 shows the main component of the electric field impulse response at m along the reflector axis. The incident field radiated by the primary source at the reflector focus is linearly polarized with the electric field parallel to the x-axis.
Fig. 4: Electric field impulse response (x-component)
The corresponding electric response (x-component) at the same location to a GGP with and ns is depicted in figure 5 . It appears to be close to the derivative of the generalized gaussian input signal as the impulse response acts as a derivative operator. The associated magnetic response (y-component) has a similar shape.
Fig. 5: Electric field response to a GGP
The corresponding surface power density response (deduced from the time dependent Poynting vector) at the same location and to the same GGP is plotted in figure 6 . where vector is defined as shown in figure 1.
Fig. 7: Surface energy density versus with
Diagram of surface energy density are plotted in figure 7 at different distances from the origin: cm (dotted curve), cm (dashed curve) and m (plain curve). The energy density decreases as the squared of the distance, as expected, and its diagram becomes more directive as distance increases.
The time evolution of the power density diagram has been computed by means of a similar approach [4] and [6] .
VI. Conclusion
Time domain computation combined with the Skulkin and Turchin approach appears to be efficient and informative to study the behaviour of a reflector antenna fed with pulses. The knowledge of the impulse response allows to calculate the response of the antenna to any input signal like a generalized gaussian pulse meaningful of ultra wide band signals. As the classical radiation pattern or gain concepts are not relevant in the time domain, the surface energy density diagram may be helpful to understand the way the antenna operates. Such a method could be extended to other kinds of antennas like multi-reflector antennas. 
